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598 Glossary 

crrcMit board See printed circuit board. 

circuit layout The calculation of the physical device dimensions required to 
produce the required electrical parameters. Vertical dimensions determine 
CVD and doping thickness specifications. Horizontal dimensions determine 
the wafer pattern dimensions and are the basis for a scaled drawing of the 
finished circuit (composite drawing}. 

cfqas number Number of contaminant particles in a cubic foot of air. 
clean roam An area in which semiconductor device fabrication takes place 
Tha cleanhneaa of the room is highly controlled in order to limit the number 
of contaminants to which the semiconductor is exposed. 

dear field mask A mask on which the pattern is defined by the opaque m> 

cluster tool Several process stations or tools served by one loading 
unloading chamber and wafer-transport system, 

CMOS (complementary f ield-effect transistor) N- and P-channel MOS tran- 
sistors on the same chip. 

EES JSaSS* * which ** ^ te paraUel; u8ed for ™ ai 

composite drawing A scaled drawing of the finished circuit. 

conductivity The ability of materials to conduct electricity (measured in 
Siemens for conductance or ohms for resistance). 

conductor A material which has low resistivity and high conductivity, 
contact The region* of exposed silicon that are covered during the metalU- 
zation process to provide electrical access to the devices. 

""^ t . a, ' sne ' A* ^ene* Hal that clamps the wafer and mask into a tight 
contact before the resist exposure cyclo. 

contact mask The step at which holes are put into the wafer layers to allow 
the metal layer to reach down to the doped silicon substrate, 
contamination A general term used to describe unwanted material that 
adversely affects the physical or electrical characteristics of a semiconductor 

critical dimension* ; (CDs) The widtha of the lines and spaces of critical cir- 
cuit patterns as well as the area of contacts. 

cryogenic pump A vacuum pump that caa produce a vacuum to the 10 

^L^r^J?* 6 ^ ** thB I acuum of s P ace - tt ^es not require fore- 
pumps or cold traps and is faster than other types of vacuum pumps. 
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LITHOGRAPHY I: OPTICAL RESIST MATERIALS AND PROCESS TECHNOLOGY 447 




Fig, 3Z Longitudinal section and cross sections or a photoresist line running across a one 
micron aluminum step. The insist profiles are simulated by SAMPLE. The nominal linewidth is 
1.8 pm 52 , Rcprimed with permission of SPIE. 

On .some microscopy-based Inspection stations, all wafer handling and data processing 
functions have been automated. Only human vision remains as a non-automated aspect of the 
inspection procedure. That is, wafers are transported by belts or vacuum shuttle from an input 
cassette to a prc-aligner, then onto an inspection stage under the microscope (Fig. 31). 
Automatic handling allows the operator to concentrate on inspection, and to minimize the 
likelihood of airborne or human handling contamination. Inspection data is entered with a 
keypad, and many stations include host computer interfacing capabilities for processing and 
storing the data 63 . 

In more automated systems, the human operator is completely removed from the defect 
inspection task. That Is, tn-process wafer inspection systems, based on automatic image 
processing have been introduced- Defect detection is accomplished either by die-to-die or 
dic-to-database comparison. Manufacturers of these systems claim defect detection sensitivities 
well into the sub-micron range. Such instrument^ however, often have difficulty detecting 
particles on substrates that have surface granularity, or on wafers containing surface topography. 
In addition, for particles near the minimum-size detecdon limit, such machines can be prone to 
miss the presence of some particles, and signal the detection of others that may be noa-existent, 

The remainder of this section discusses linewidth measurement techniques used to verify that 
critical dimensions have been produced. In addition, procedures are described for monitoring the 
variation of Unewidths produced in a production environment as a function of time. Such data 
can serve as a gauge for tracking the performance of a lithographic process Hne. 

Linewidth Variation and Control 

There arc two aspects of feature sizes that must be controlled in the lithographic /etching 
process: a) the absolute size of a minimum feature, including linewidth, spacing, or contact 
dimensions (also referred to as a critical dimension, or CD); and b) the variations of the 
minimum feature sizes as they cross steps on the wafer surface. Linewidth (and spacing) 
measurements are regularly performed to determine the actual sizes of CDs at each masking level 
of a process. The variation of line widths over steps are also monitored, and the causes of the 
variation were discussed In the section on Resist Processing: Exposure. These two aspects are 
mentioned together because there is also a tradeoff between absolute linewidth size and variation 
of the size over steps. That is, over-exposure and over-development can improve linewidth 
control, but at the expense of linewidth size. Figure 32 shows a SAMPLE simulation which 
calculates linewidth variation, aJU across a 0.5 \im step, as the line sizes vary with changing 
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Electrical CD Metrology and Related 
Reference Materials 



Michael W. Cressvvell and Richard A. Allen 

National Institute of Standards and Technology, Gaither$bur$, Maryland 



I. INTRODUCTION 

In the fabrication of integrated circuits, the steps of depositing a thin film of conducting 
materia!, patterning it photolithognmhically, and then etching it and stripping the 
remaining resist are repeated several times as required levels are created. On each occa- 
sion, the purpose is to pattern a film into a geometry that is consistent with the design of 
the circuit. The process control mission is to ensure that each respective set of process 
steps replicates patterning that meets engineering specifications. In most cases, a measure 
of this compliance is the closeness of the linewidths of features Lhat are produced in the 
pattern to their intended "design," or "drawn" widths. Ideally, the linewidths of all 
features on each level would be sampled after the level is patterned, to provide an 
indication of whether or not the process is under adequate control. However, such a 
comprehensive metrology operation is neither economically nor technically feasible. 
Instead, the as-patterned linewidths of a limited selection of features that constitute a 
"test partem," are measured, The test pattern is printed at the same time as the circuitry 
whose fabrication is being monitored, but at a separate location on the substrate that is 
reserved exclusively for process-control purposes. An example of a commonly used test 
pattern is shown in Figure 1 (1). 

Usually, test patterns include features that have drawn linewidths matching the 
minimum of the features being printed in the circuit. These linewidths are typically 
referred to as the process's critical dimensions (CDs). It is the widths of the features in 
the test pattern that arc measured by some means to determine if the respective 
sequence of patterning steps produces results that comply with engineering specifica- 
tions. The presumption is that, if the CDs of the line features in the test pattern are 
found to be replicated within predefined limits, the CDs of the features replicated in 
the synthesis of the integrated circuit are replicated within those limits. The several 
common linewidth-metrology techniques in use today are electrical CD (ECD) (dis- 
cussed in this chapter), scanning electron microscopy (SEM) CD, and scanning probe 
microscopy (SPM) CD. 
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met*-- pre/, vor. o/ MJTXO. 

Met-ravxol (mer/ra-XOl*, -lOl'). A trademark (or pentylenetetrazol. 

metre* (mi'tar) a. Chie/Iy BriL vur. of MkfelU 

mc-trc* (cae'tarj n. Ctecflv Uric vor. 0/ mjexer*. 

nj^t ric 1 (met 4 ! Ik) adj. [Fr. mizriquc < metre, meter < Gk, mctroa 

measure,] D'sicv^ng, relating to, or using the metric system, 
met-rio' (oiec'rflO n. J. A standard of measurement. 2. Matn. A 

peomctne function defined fur j coordinate system sucii that the 

distance berween any two point* in th^tiywem may be determined 

ham thru coordinates, 
jditt-rlc* (mcrMli) n, [Clc ra«tnke" (tekhnC), (the art) gf merer.J 

Mcirtci. 

utetTi-caJ (mtt'ri ksl) atii. [Lit oietrieur < Gk. rurtriftai < met* 

wo. meter] L Of, relating to, or composed m rhythmic mettr. 2. Of 

or rclJ'ins to meajtummenc. ~~m«t J ii'c*l"ly adv. 
ttict'rl ca-tloQ (mCc'rika'sbon > n. Conversion to the metric ays. 

um oi wci^lita a,nd rocasarcs : mittuhcattOm. 
rn^tric centner n. A unit oi mail e**iiaj co [00 ku'ajrjam.x 
metric hsmilrcdweiKht n. A ami ui equal to SO kilo. 

grams, 

me fries (mcr'rllw) n. (sin$, in number). The hraiieh <J prosody 

dealing with measure and metrical Dtrucrures. 
-uk: trice iu/f. (< MiinUC».J The application af stiristics and 

mathematical analysis to a specified field of study <econr»nerj7CA> 
metric system a. A decimal system of Weights and rftcasu/ca 

based on the meter as a unit length and the kilogram a» a unit maw, 
rnctriti tun A unit of nwaa equal to ifiai kilograms, 
mct-ari fy (meta-frj vt, A vj, -ft. a,- [OPr. meeri/fer 

< Med. LsL mtirific&it : Lat. cierruin, measure Gk. niciron) -f- 

I.3t. fncZTC. to make,] 1. To ccmprae in 0/ pqt into rhythmic cuctcrJL 

2. To convert to or adopt the metric system. — .w\ot'xi-fi-c*'ti*jn n. 
metri-tiM {m^trFtb) tt In flam mat Ion of the uterus, 
met-ro (mfti'ro) n„ pf, -re-» [Ft., short for fciurmin d« /«r) rurftroptv 

Utnza, mcuopolitan (railway).^ A subway system, 
.metro" or mett* pre/. [NIjc < Ck. mfero* < mil to. uterus < 

^te"/. m other. J Utenvt <ra«rnria> 

me-trol orjfy (inc-tioiVie) n.. pi. -pleB. iait(tyoio^d < CIc we,- 
uro/ogifl. iheory of ratio* : mr-tron, measure + JogOA reckoning] 
L TKc stjciic* thai deula with meaauiciccnL 2. A system of measure - 
dent ->^^r4 ldyW (mccT^lOjI-kai) ^ t ^nn'mloikil- 
ly iJtiv. — mrtrot'o^i** CL 

mct-no-iuiiiie (met'r^nOm') n. [Ck. reetrtaxx measure 4* nomoa, 
rule] A device to mark rime « a steady beat in adjustable intervaia. 
-Mfrftiiom'k (^notn'lk) ad/. — mat'ra-naiii i i>tial>l> ddv. 

me'tro'nym'ic (mCtr>nImfk, m6;'r>) alio mAfitrraym'ic 
(mar-) vl), [Ck, naftfr, mother -1- Ck, oniam* itflme + -iq.] Of, 
iclariiip, to ( or denved from the name oi one's mother or female 
aneettor, — *n, A mewonyroic n^me. 

nAc*«op-o>Lhi (ma<rdp'a4)s) n. [LLar. < Gk. metropolis, mother 
city : rntUr, morher + polu, city.] LA major city. Z, A eiry re- 
garded aa the center of a specific activity <a frcat entertain merit 
metropolis > 3. The chief see of a mempoliun bishop, cap. the mam 
diocese af j apcci/ic eec|e»iflsr.eal province. 4, The mother city oi an 
ancient Greek colony or state. S. Zooi. A rrgion in which a particular 
kind of orpmsrn und thrives. 

metTcrpal i^un fm4r / ra-pol'/-tan) adj. [ME < LLat mecropoii- 
ujiuj < Ck. mftropoJit/a, citizen of a metropohs < mtStzOpolU. 
mother ctty. —tee *4JrTAQ*OU&] 1. n. Of, re U tins to, or typical of a 
mceropoha. Is. Maldns} up a meiropoili. 2-B.elariru co or tompriaing 
the home terntery o{ a jrrvcreign state. 3. Oi or relating to a metro* 
poliufi. — n. L sl An archbishop who has authority over biahepj In 
the Roman Catholic and other episcopal churches, b. A bishop rank* 
inr, next below the patriarch who serves as the head of an ecclesiasti- 
cal province Ln the iaitttn Orthodox Church. 2, A resident of a 
metropolis, ?jp, one who dfypUys hi^eicy amtude^, cb^racterisries, 
and value*. 

me-trorthut'gi** (rae'tra.rJ'ieo, *)d) n. An abnormal uterine hem* 
onbage, csp. between menatrual flow*. — m«'*xux-rii»'Ki& cdj, 

-metty &uff. (ME -metrte < 05e. < Lac -mem a <. Qk, < merrCn. 
meajvre.] Prccws or science of measuring <isometr7> 

met tle (cold) u, tAiterauan of mual.) L Inherent quality of 
character and ternperamcrit. 2. Fortitude and courage t STOUT. — on 
mnttl*. Prepared to put one'* iptric or courage to the test. 

racftJonome lmirt*sm) edU Full ci eaara|^ i racu-spnuT£D. 

mew* (mytfD) u, [MS, < Oft. mat < mucr. ?o ntalt < Lit, mwrv, to 
cbanae ] Xp A csge for hawka, esp. when molrius. 2. A secret place: 
HTQ&AV9AY. 3» znaw*. A small street behind a residential bcrcet that 
containa a mall jpartmcnta. —v. mawed, mcw-lii^ mnrt. — rt. To 
ccnilne ua Of as vf in a case, — vi. To noic. —Used of a hawk, 

rue iv 1 iraydb> p! ia«wsd, na*rpr-iza«, m«m. [M£ taeweo.] To 
make the biah pitched, crytnc sound of a cat i meow. — ***** n. 

mew* fmydb) a. [Ml < OJ5 masw.] a *ea bird, Lerw ^ooua. one of 
the gulls found in northern Etaraau and western North America. 

mewl (tnye-ol) w. os^vv^a, lo^wl-izajb mtwi* [lent.) To cry 
weakly. 

Meapi'ean (mdk'sl-kan) ad/. Of or relating to Mexico or w its in* 
hablunw, rh:u brtjjuago^ or their cultuTc. —a A nacrve or reaidene 
of Mcjqco. 




2rtc£tjcoui li»irlcNN n. Qne of a breed oi small do&S With a Stbootb 
hairless body exef pc for cutc> on the head and cail. 



Mejtiemn euaixle 

16-20 incha high 



Mcxiean Spauai«h n. The Spanish language aa ttaed in Mesrieo. 
atMtrc on f ma-ri/E an) n. [M£ mizarfoTJ <: Med. LaL nsezereon 

< Ar. mdzaryOn*) LA narive Euranan ahrub, Dcybnc mcz&reurn. 

havinir fraerant lilac purple fUiwezi and amall scatlct frulr. 

2. MEZ1ILEUM 1. 

me-ze'rrum (m>zlr / e-3m) o. [AlteraTion of Mi'rtsufaN,) 

1. METliULQN 1. 2,Tl»e dned hark of certain shrubs of the genus 
Daphne;, that was once used externally as a vesicant and inrematyy 
fox arthritis. 

me^u xah also mc*zu-zsi (m>zdhr/a) n. [Kcb. mnlzdh. door* 
post.] A small piece of parchment inscribed with the Biblical pas- 
i«ges Deuteronomy J5:4~? and i 1:13-21 and marked with the Ward 
"Shaddai." a name of the Almighty, that ia rolled up in a container 
and affiled to a door frame as a «ign that a Jewish family lives 
within. 

mcet'a^B*auK»s (mfcz'^nCTi', mfcc*aKie>i') rr. [Ft. < ftal, tn^fvunhjO < 

mezrano. middle < Lat, mullamu r in the middle < merfiiu. middle,] 
X. A partial story between two main ltorica of a building. 2> The 
loweit hulcony la a Uicatet or the fins few rows of that balcony. 

mevui (mAr/so, me'd'io, mea/o) pf. A meazo*aopTano. 

vena for*te (for'tl'i ad/. & ad*/. [Ital] /Vftu. Moderately loud. 

mezzo pi-ano (pe>fl'nO) no7. A cdv. [ItaL] Mtu. Moderately soft. 

mi3K*z<wirtC'llev'To (inct*«io-ff.lc r vo f •rel-ya'Vft, nifd'-, mfrtr*-) n„ pi. 
-von. [Ital. mezzoriljevo : mezzo, half (< Lat. metfinaj -1' raiietw, 
relief < rilcvetc. to raise < lat, relevare. to raise, relieve. — see M> 
ixxvx.] Sculpmral relief having modeled forms that project apptux 
halfway from the baekpousd. 

mex^OHid-pxaA-O {mefso-sg-priln'o, 'pri'DO, raftd'., nieV-) n,, pf. 
-o*, (]tal. ; r*t±io, half lat midlm) H' soprano, soprano. — ^>ce 
sarRANO.] 1. a- A voice with a range be ween soprano and contralto, 
b, A vocal part for a- voice with such a raxsirx. X. A woman with a 
mezzo-soprano voice. 

mez*aso*tlnt (mer f sn.crnf / med'*) ix [leal, mezzotinro : m&zzo. half 
(< LaL m&diui) + rturo. tint < Lai. ringers, to dye.] L A methad of 
enjoraving a sreel or copper plate by burnishing and scraping areas to 
produce af acta of shadow nnd light 2. A print made from a plan 
engraved by mezzotint. 

W it jym bol far MACNtSlUM. 

nxho (mo) rt_, pi. nhM, [Backward spelling of oiim.] A vnie Of 
conductance reciprocal to the ohm. 

mi (ml) n. [Med. Lac —see gamut.] Mua, The third tone of the 
diatonic scale in solieggio. 

MIA {Im'W) JJ, tM(rjsiNC) 1(N) A<cnoN).] A Serviceman who H 
reported missing following a combat minion and whose death caa be 
neither confirmed nor denied. 

Ml-om-i (mi-irn'C, -im'a) jj^ pi. Miami or -U. A member of a* 1 
Ateonauun tnbe of Indiana once living In Ohio, Indiana, Illinois, 
and Wisconsin, 

mi-jLatrxa (mJ-Jr/ma, me-) n„ pi. .qui or •mata <-m>to) {Gk. < 
miiJjoein. to pollute] L 4. A poisonous atmosphere once believed to 
rue from swamps and putrid matter ami cauae dlseaan. b. A thick 
vaporous atmosphere or emanation <a minima of cigar »mfike> 

2. A harmful influence dt atmosphere <a mrrtirnrt oi evil> ^nsA* 
*v# ml'Hammfie ( matlk), ndWinie <-mlk> adh 

nxi'ca ( mi'kaj n, (Nut, < tat,, grain.] Any of a sroup of chemically 
and physically related mineral aUiCatea, comnioa la igneous and 
metamGrphlc rocks, that contain hydroTyl, alkali, and aiummum 
siUcace groups and can be split into flexible ^heecs used In InsuLirioA. 

-ml*o*'cflani (-ki'lbiS) cdf. 

Xii c&h. {mi'tea) a fHcb. Mfkhtfh.] —Sec table at flmiJ. 
mxers (mis) a. pi or mouse, 

mi'cclle ( ml selO a [NLab micella < Lat, mica, grain.! L A sub- 
microscopic aggregation of molecules, as a droplet In. a colloidal sys- 
tem, z. A colloidal organic parade found in coaL 3. A coherent 
strand or structure in spnthctxe ot naxpral fibers, 4\ A. submierO- 
scopxc jtrucrumJ unit of protoplaim, ^mi-cvllar (inl-BtL'ar) adf. 
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